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CHANGEABLE MACHINE READABLE inherently configurable to restrict an assay administrator, 

ASSAYING INDICIA or other persons, access to the assay results. 

The above indicated advantages, characteristics, objects, 
and or associated novel features of the present invention, as 
well as others, will become better understood with a careful 
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The subject matyriTdf this application represents a con- review of the description and figures provided herein. Atten- 

Unuationofcopenc^n^ARplicationSer. No. 08/832,957 filed tion is called to the fact, however, that the drawings are 

0-^ 00 A P n 4 » A— — — " . illustrative only. Variations are contemplated as being part of 

BXOCGROU1W OF THE INVENTION me iDVention > limited onl y b y lhe of the appended 

to claims. 

1. Field of the Invention 

The invention relates to changeable encoded information SUMMARY OF THE INVENTION 

carrying characters, including bar-code like indicia. More In a ferred embodiment , ^ machine readabIe assay, 

particularly, lhe present invention relates to embod,ments of • arrangement includes an assay card formed of asubstrate 

machine readable, changeable or alterable indicia, wherein 15 having a ^ at ^ one ^ indicia Iocated or 

melange is related to one or more monitored parameters dis?osed upon ^ Each assaying indicia has an 

or vana e quantities. initial encoded value, representing a machine readable 

2. Background and Objects of the Invention of data> ^ ^ of detecting and optically 
The advent of machine readable indicia has been long signaling the presence of a desired state. Once the desired 

noted in the art. Such indicia, including for example bar code 20 state 0 f a mon itored parameter is detected (i.e., occurs or is 

symbols and other specialized characters, enable encoded present) the assaying indicia forms a second encoded value, 

data to be read by suitable known apparatus to accurately different from the initial encoded value. The change of 

determine the encoded data. It is this characteristic that has encoded value from the first or initial value to the second 

lead to the rapid acceptance of such coding arrangements as value is arranged to be machine readable by a suitable 

de facto standards, especially in inventory intensive estab- 25 reading apparatus. 

kshments that must manage and track a large plurality of The indicia, which represents a machine read- 
items with a significant accuracy. Prescndy there are a aWe Mkiz or ^ y. computed in a preferred 
number of industry ^mbotogies and accepted standards embodiment to include at least one analysis element. Each 
available m the art, and a full range of devices to accurately anal ^ clcmcnt h ble of from a first state 
and rapidly read (scan) these indie*. 30 haviflg a ^ refiectance ^ to a state having a 
There is also an on-going need to provide assaying second substantially different reflectance level, thereby pro- 
methods, manufactures, and apparatus that provide "assay viding an optical change in reflectance that can be detected 
result indications" which are not subject to errors due to aac j rea d by the suitable reading apparatus, 
human interpretation^ ^transcription, and or translation The u ^ ^ cacoded value of ^ ^ Mici z. is 
assay may ^required to monitor or detemune the kvels of 35 ^ faas ^ ^ read/scanned, a change inthe 
parameters and variable quantities For example, the mom. encoded val pn ^ dca - by the ^lysis elements 
tonng of temperature humidity, saline concentrations (of a (p^y in 

fluid) gas concentrates (c*. the level of exhaust fume ^ y can ^ machine ^ed and read to 

gases), chemical residues and associated ooncentrations, if fesired state has or had been attained, 
light intensities, magnetic field strengths, radiation 40 

exposures, etc. It should also be noted that it is often BRIEF DESCRIPTION OF THE DRAWINGS 
advantageous to provide an assaying means with a * memory' 

capability. For example, it may be desired to monitor if the In drawings, like elements are assigned like reference 

maximum temperature a package reached in transit, has numerals. The drawings are not uecessanly to scale, with the 

exceeded a critical level 45 emphasis instead placed upon the principles of the present 

Objects of the present "invention are, therefore, to provide ^ntioa The drawings are briefly described as follows: 

new and improved assaying arrangements to monitor one or 1 illustrates a diagrammatic perspective view of an 

more parameters (or variables) having one or more of the embodiment of an assay card of the machine readable 

following capabilities, features, advantages and/or charac- assaying arrangement of the present invention, 

teristics: 50 FIG. 2 A illustrates an enlarged portion showing an assay- 

an assaying system that produces machine readable result ing indicia depicted with the embodiment of the assay card 

indications; in FIG. 1. 

machine readable indicia having changeable or alterable FIG. 2B illustrates another enlarged portion of the assay 

encoded data content; card of FIG. 1 showing another embodiment of an assaying 

assay provided by 'elements' composing a machine read- indicia. 

able indicia; FIGS. 3A and 3B depict possible encoded values that may 

a reliable and expeditious assaying arrangement; be provided (as sources of data) by the assaying indicia of 

provides assay means wherein changes and results ^A. 

detected and indicated may be provided as not "human ^ FIGS. 4A, 4B, and 4C depict possible encoded values that 

readable", and thus are not subject to interpretation and may be provided (as sources of data) by the assaying indicia 

possibly unauthorized dissemination; of FIG. 2B. 

may be employed on-site using a number of relatively low FIG. 5 illustrates a high level system architecture of an 

cost "off-the-shelf" components; embodiment of the assaying arrangement of the present 

assaying means includes analysis elements that are 65 invention, 

arranged to provide an optically detectable machine FIG. 6 illustrates an embodiment of the assay card reader 

readable change in the assaying indicia; and of FIG. 5. 
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LIST OF REFERENCE NUMERALS USED IN 
THE DRAWINGS 

10 — assay card (p/o assaying arrangement) 
20— substrate 

20a — surface (of substrate) 
32a — assaying indicia (first embodiment) 
32£> — assaying indicia (second embodiment) 
33a — fixed element 
336 — blank region 

34 — analysis element 

35 — (generalized) elements 
38 — quality control indication means 
42 — identification code (pattern) 
46 — alignment aid 
54 — assay card reader 
54a — scanner unit 
54b — decoder 

60 — assay card reading apparatus 
62 — controller module 
62a — processor 
62b — memory unit 
62c — interface circuitry 
64 — user interface module 
64a — display 
64b — keyboard 
64c — audio unit 
64a* — printer 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

It is important to establish the definition of several impor- 
tant terms thai will be used throughout this disclosure. The 
term ' encoded value*, as applied for assaying purposes, may 
be assumed to indicate the value provided by reading or 
interpreting the characters, digits, and or information coded 
by an assaying indicia of the invention. This value may or 
may not change or be altered with assaying activities. 
Further, the encoded value is capable of being machine read 
and, therefore, may be termed a 'machine readable source of 
data*. 

The definition of a parameter or variable (being monitored 
or checked for) by the present assaying arrangement may 
include any quantity or item, including temperature, 
humidity, pressure, saline concentrations (of a fluid), pH 
levels, gas concentrations (e.g., the level of exhaust fume 
gases), chemical residues and associated concentrations, 
light intensities, magnetic field strengths, radiation 
exposures, shock forces, as well as others. The term 'desired 
state' may be assumed to indicate a level or threshold of a 
parameter has been reached. For example, a desired state 
may be reached or present if a temperature (being 
monitored) reaches a critical predefined level, wherein the 
temperature is the parameter and the desired state is defined 
as a temperature equal to or above, say, 30 degrees Celsius. 
Accordingly, for this example, the desired state would be 
present if the monitored temperature is at 31 degrees Cel- 
sius. Finally, 'reflectance level', 'level of reflectance', 
'reflectivity' and generally 'reflectance', are assumed to 
have the meanings known to skilled individuals and refer 
generally to the measure of the amount of light of a specified 
wavelength (or series of wavelengths) that is reflected from 
an illuminated element, region, indicia, and or surface. Other 
terms and definitions will be provided as required. 

FIG. 1 illustrates an assay card 10, which is part of a 
machine readable assaying arrangement in accordance with 
the present invention. As can be seen in FIG. 1, the assay 
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card 10 may be provided by a substrate 20 having at least 
one assaying indicia, such as assaying indicia 32a and 32b, 
provided upon or impregnated into a surface 20a of the 
substrate 20. Note: the assaying indicia 32a and 32b of the 
present invention will be designated, when referred to 
generally, as an assaying indicia 32a/32b. The assaying 
indicia 32a/32n, represents a machine readable source of 
data, and is arranged with an initial encoded value. The 
initial encoded value may be pre-defined (resulting from the 
manufacture of the assay card 10) and known, or may be 
determined or ascertained by employing a suitable reading 
apparatus. For example, the initial encoded value of the 
assaying indicia 32af32b is contemplated to be determinable 
using a scanner unit, as depicted in FIG. 6. The assaying 
indicia of the invention are capable of detecting and opti- 
cally signaling, in a machine readable fashion, the presence 
of at least one desired state associated with one or more 
parameters being monitored. It is important to understand 
that embodiments of the assaying indicia of the present 
invention, including 32a and 326, may be arranged to 
monitor a wide range of parameters and items, as stated and 
further implied throughout this disclosure. 

In a preferred embodiment the assaying indicia 34a/346 
include at least one analysis element 34, as best seen in 
FIGS. 2A and 3A. Each included analysis element 34, 
regardless of its shape or composition, may be arranged to 
monitor one or more parameters to detect and optically 
signal the presence of a desired state. For example, assume 
the assaying indicia 32a, as shown in FIG. 2 A, is configured 
30 to determine if an assay card 10 has been exposed to a strong 
fight source, wherein with such an exposure the indicia 
changes from an initial encoded value, to the second 
encoded value. The change in encoded value may be pro- 
vided by the inclusion of at least one analysis element that 
35 is capable of changing from a first state having a first 
reflectance level (say when not exposed to a strong light 
source) to a second state having a second substantially 
different reflectance level (when exposed), thereby provid- 
ing an optical change in reflectance that can be detected and 
40 read by the suitably arranged reading apparatus — as would 
be well understood by skilled persons. 

Referring again to FIG. 1, the assay card 10 may further 
include quality control indication means 38 provided upon 
the assay cards 10 to ensure that the analysis elements 34 are 
45 functioning properly. As an example, the quality control 
indication means 38 may be configured to generate a signal 
if the assay card 10 is improperly stored or if the shelf life 
thereof has been exceeded, and the assay card 10 should be 
discarded. 

50 As those skilled in the art will recognize, it is often 
desirable to have items such as production batch numbers of 
the assay card 10, the date of manufacture, the specific 
parameters or quantities the assay card is configured to 
monitor, etc., provided upon the surface of the assay card. As 

55 can be seen in FIG. 1, the assay card 10 may include is an 
identification code 42, which may be provided as one or 
more machine readable patterns, for example as bar code 
indicia, which encodes the required "ID" information. As the 
identification information, for the most part, will generally 

60 be fixed at the time of manufacture, it is contemplated that 
such information may be provided as both human readable 
and machine readable, if advantageous. Also seen in FIG. 1 
are alignment aids 46 that may be provided to aid in the 
alignment of the assay card 10 for reading or scanning by a 

65 properly arranged reading apparatus. It is important to note 
that other arrangements of the identification code 42, the 
quality control indication means 38, and the assaying indicia 
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32a/32b) arc possible and contemplated. For example, analysis elements 34. As can be seen in FIG. 3B, with two 

skilled persons will appreciate modifications such as includ- analysis elements 34, a number of possible patterns may be 

ing the quality control indication means 38 and the identi- generated or produced resulting in a variety of machine 

fi cat ion code 42 within the elements composing the assaying readable and decodeable data patterns. Those skilled in the 
indicia 324/236. Accordingly, such items, when included 5 art win appreciate several considerations that must be 

within the elements composing the assaying indicia may addressed when employing standard and or known 

assist in determine the overall "coding** (i.e., the encoded "symbologies", as well as the symboiogy exemplified in 

value of the machine readable source of data) provided by FIGS. 3A and 3B. First, many commonly employed bar code 

said assaying indicia. Still other modifications are possible symbologies include 'check digits' (and the like), as well as 
and contemplated. io j tcms sucn ^ ana sUrt ^ stop characters. For 

A better understanding of the assaying indicia of the example, the well known Code-39 symboiogy, includes a 

invention, including assaying indicia 32a and 326, may be start character on the left side of a bar code and a stop 

gained through FIGS. 2A and 2B. As can be seen in FIG. 2 A, character on the right side. In addition, check or error 

the assaying indicia 32a may be comprised of a plurality of detecting characters must be considered when one or more 

elements including fixed elements 33a, blanks regions 336, ^ lysis elements 34 change from a first state to a second 

and at least one analysis element 34 In a most preferred ^ ^ ^ especially ^ if it b desirable t0 , 

embodimentof^ staodaid bar ^^Lg equipment with one or more 

?„mnrrL^ - aS '. ? f embodiments of the ass^gmdicia 32a/32b of the inven- 

example, i relative humidity level reaching approximately # . et .„ , . . . . J r. t . , . . . 

50%, where the analysis element 34 willchange from a first ^-Skilled individuals will appreciate these and other 
state having a first reflectance level to a second state having 20 consideraUons that must be addressed to provide for the 
a second substantially different (i.e. machine detectable) machine reading of the machine readable sources of data 
reflectance level. Therefore, this substantially different Closed herein. 

reflectance level change may result in an optically detectable It must also be understood that the analysis elements 34 
"change**, which in accordance with the present invention, may be arranged to change from the first state to the second 
may be employable to alter, for example a pattern formed by 25 state, in the presence of the desired state, and hold the 
a plurality of elements, as exemplified in FIGS. 2A through second state, even if the desired state is lost/removed. 
4C. Alternately, assay card 10 may be arranged with analysis 

As seen in detail in FIGS. 3A and 3B, a plurality of elements 34 that will assume the first state in the presence of 
individual analysis elements 34 are illustrated as an impor- the desired state, and assume the second state in the absence 
tant component of an embodiment of the machine readable 30 of the desired state. 

assaying indicia 32a, configured in appearance as a bar code The assay card 10 as provided in the embodiment of FIG. 
indicia. It must be understood that the analysis elements may 1 inherently offers an advantage over many known assaying 
assume either the first state having a first level of reflectance, arrangements. Traditionally, assaying means have been Con- 
or the second state, having the second kvel of reflectance. figured to visually indicate the positive presence of a desired 
As a skilled person will recognize, the first state may provide 35 state. If a "positive" indication was given, it was automati- 
a high reflectance characteristic (e.g., when being scanned), cally inferred that the desired state has (or had) occurred, 
with the second state exhibiting a low reflectance charac- This typically would be clearly discernible to an assay 
teristic. Therefore, as analysis element 34 in the first state administrator or other person in a position to review the 
may be considered to be the (scanned) equivalent to a 'bar* assay results. If for example, an assay test is being conducted 
type element of a bar code symbol. However, clearly the 40 for the purposes of drag screening a prospective employee, 
reciprocal arrangement, wherein the first state exhibits a low the individual conducting the test would generally have 
level of reflectance may be employed. Regardless of the access to the results of the assay, which may represent a 
particulars, it must be understood that a desired state is violation of the privacy and civil liberties of the prospective 
indicated by at least one analysis element 34 essentially employee. Due to the encoded nature of the source of data 
changing from a reflective element to a non-reflective 45 of the assaying indicia of the present invention, such privacy 
element, or visa-versa. concerns may be fully addressed with properly configured 

As mentioned earlier, each of the analysis elements 34 assaying indicia 32a[32b provided upon the assay card 10. 
may be capable of detecting and optically indicating or Referring now to FIG. 2B, there is illustrated an alternate 
signaling the presence of a desired state (which is to be embodiment of the assaying indicia of the present invention, 
assayed), wherein once the desired state is detected the 50 Assaying indicia 326 provides a plurality of generalized 
assaying indicia forms the second encoded value, different elements 35, which may be provided by fixed elements 33a, 
from its initial encoded value. Therefore, as can be seen in blank regions 336, and analysis elements 34. As can be 
the arrangement depicted in FIG. 3 A, the pattern of analysis clearly seen, the elements 35 may be arranged in a grid or 
elements 34, fixed elements 33a, and blank regions 33b other suitable or advantageous pattern. It should also be 
(which may also be termed "bars" and "spaces" by those 55 noted that the generalized elements 35 may be embodied in 
skilled in the art), when configured to compose the encoded other preferred shapes, such as circular or curved bar like 
machine readable data source may be provided to encode versions (not illustrated). The arrangement of FIG. 2B may 
one or more characters/digits of information or data. include a large number of analysis elements 34, with each 
Accordingly, by the inclusion of the analysis elements 34 capable of monitoring a specific parameter. Consider, the 
along with the plurality of fixed elements 33a and blank 60 exemplary assaying indicia 32b provided in FIG. 4A that 
regions 33/>, the detection of one or more desired states may consists of thirty-two (32) generalized elements 35. 
cause the overall pattern of fixed elements 33a (bar), analy- Accordingly, assaying indicia 32b of FIG. 4A may be 
sis elements 34 (bar, spaces), and blank regions 33a (spaces) arranged to monitor 32 individual desired states, if it is 
to vary, and hence, result in the encoded information con- assumed that each generalized element 35 is actually pro- 
tamed therein being altered. 65 vided as an assaying element 34. Such an indicia is depicted 

Referring now to FIG. 3A, there is depicted a sample in FIG. 4 B. Alternately, the arrangement of elements may be 
arrangement of fixed elements 33a, blank regions 336, and provided to provide a "quantized measure" of the level of a 
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parameter being monitored, much as provided by the well (providing a suitable application program), and any required 

known 'bar-type* graphic symbol/element. As shown in FIG. interface circuitry 62c. The controller module 62 may be 

4B a plurality of parameters, including temperature, arranged to receive from the assay card reader 54 the 

humidity, pressure, etc., may be monitored. Consider the information including the one or more (decoded) digits or 

TEMP (temperature) elements, which are shown with a 5 characters. The information may then be processed for 

dotted line there around. If each element is configured to checking and analysis. As can be seen in FIG. 5, a user 

have a different desired state (i.e., a different temperature interface module 64 may be included to enable an individual 

threshold value to detect the attaining of the specific desired (such as an assay administrator) to enter information into the 

temp level), say, with each respective element arranged to assay card reading apparatus 60 and provide information to 

detect a 5 degree increase in temperature. This simple said mdrviduaJ. Tte iiser interface may include known items 

arrangement provides for the quantized "machine readable" ^ tt a di ^, 64a, a keyboard 646, an audio unit 64c, and 

measurement of the present temperature level. Further, is the riatcf 64d Fof , tfac administ rator's name may be 

analysis elements are not sequenced in an ascendmg or cntered ^ the s ^ ^ kcyboard ^ q{ me ^ 

^^S^^^^t^ ™ ? 1° module 64. Other user interface items may also be 

their order), the indicated optical assay result (assuming the , . . __ „ . ... 3 . . 

optical change is in the human visible range) may not be * ^vided (which are not shown ui HG. 5) mcluding poinUng 

human readable. Accordingly, the analysis elements 34 of a fax transmission modules, touch screen displays, 

FIG. 4B are arranged in a pattern whereby an associated Such devices are ^own to skilled artisans. It should be 

reflective characteristic is formed by a specific plurality of °° lcd ^ the controller module 62 may be provided by 

the analysis elements assuming the first reflective state, known programmable single chip microcomputers and any 

while a second mutually exclusive plurality of the analysis 20 additional analog/digital circuitry required. Further, it is 

elements are assuming the second reflective state. The contemplated that the controller module 62 may be provided 

reflectance characteristic may then be read or determined via (in an alternate embodiment to that shown in FIG. 5) by one 

a suitable reading or interpreting apparatus. or more programmable logic devices (PLDs), or by discrete 

It should fully understood that the appearance of the components including digital MSI and LSI logic functions, 

indicia of the present invention, including identification 25 Those skilled in the art will appreciate the number of 

code 42 or assaying indicia 32b, may be provided in many commercially available (off-the-shelf) devices and compo- 

contemplated optical forms. These forms include other pat- nents that may be utilized to embody the assay card reader 

terns that are optically very different in appearance to those 54 and the assay card reading apparatus 60. They will further 

illustrated in FIGS. 2A, 3A, and 3B (i.e., the standard bar recognize alterations and variations are possible, such as 

code type indicia). A key feature, especially considering the including the user interface 64, and or the decoder 546, as 

arrangement of FIG. 5, is the machine readability of the components of a suitably arranged computer means 62. 

source of encoded data provided by any employed pattern. Also, although the scanner unit 54a may in a preferred 

Although it may be desirable to utilized standard bar code embodiment be realized by an optical laser scanning device, 

reading devices, such as scanners and the like, it must be other suitable devices, such as a CCD imaging device, may 

understood that the scope of the present invention should not 35 be employed. It is also contemplated that the assay card 

be limited to just tins embodiment of the assaying indicia reading apparatus 60 may be realized by a properly config- 

described herein. ured personal or workstation computer. For example, the 

Turning now to FIG. 5, there is provided a high level ubiquitous Personal Computer (PC) may be arranged with a 

functional block diagram of a assay card reading apparatus scanner 54a, required interface and other circuitry, and a 

60. As shown, an assay card reader 54 is included, which is 40 suitable custom application program. In such an 

operatively coupled to a suitable computer means 62. The embodiment, the functionality of the assay card reading 

assay card reader 54 is provided to scan and generally "read" apparatus 60 may be essentially provided by the execution 

and determine the particular patterns, indicia, markings, and of the application program. 

the like present upon the assay card 10. As such, the reading The aforementioned configurations of the machine read- 
of the assay card 10 results is the determining of 45 able assaying system of the present invention, in one con- 
information, in the form of a plurality of digits or characters, templated field of use, may utilize these systems on-site at 
that may possibly be stored by the assay card reading unit a pi ace of employment for the drug screening of prospective 
54. The information may then be communicated to the employees. For example, a company that hires skilled and 
computing means 62, with the determined characters or professional employees that are in great demand, may 
digits analyzed and applied to determine items, including at 50 employ the present invention on-site to expedite the hiring 
least one of the date of manufacture of the assay card, the process. In a preferred embodiment, a donor individual may 
desired state provided by the assaying indicia, the type/ be given a collection container (not shown) and provided a 
configuration of card, quality control status, etc. private environment where tixe donor excretes a specimen or 
Accordingly, all of these items may be provided as "machine volume of urine, into the collection container for analysis. A 
readable" ixidkia and mformation with a variety of embodi- 5S volume of the urine may then be brought into suitable 
meots of the invention contact with the assay card 10 (for example, by bathing the 

Those skilled in the art wQl appreciate the available assay card 10 with a small amount of urine, inserting the 

means to embody the assay card 10 of the invention, and asay card 10 into the urine, etc.). The quality control 

further may provide modifications and alterations, as well as indication means 38 may then be checked, say via scanning 

alternate architectures to the disclosed embodiment of the 60 aid decoding, to verify the integrity of the results indicated 

assay card reading apparatus 60 of FIG. 5. Also, although the by the assaying indicia 32a/32b. Assuming that the assay 

assay card reader 54 may be provided as shown in FIG. 6, system is functioning properly, the results of the assay as 

comprised of a scanner unit S4a and decoder 546 (which provided by the reading the assay card 10, may then stored 

them selves may include computing modules), other in the memory unit 62b of the controller module 62, and 

arrangements are certainly possible. 65 possibly transmitted to a predetermined remote location, 

The controller module 62 of FIG. 5 may be embodied as such as the centralized laboratory (not shown) for immediate 

shown by having a processor 62a, a memory unit 62b analysis and review. 
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